Hadromys is a murine genus limited to only 1 extant species, H. humei, which has a relatively restricted distribution from northeastern India (Manipur to northwestern Assam) to southern China (West Yunnan). Yang and Wang (1987) considered H. h. yunnanensis from Ruili, China, to be a distinctive subspecies. H. h. yunnanensis is characterized by its shorter tail and palate, longer diastema, and larger body size than H. h. humei. There is little information about phylogenetic relationships of this genus among the Murinae. Misonne (1969) , on the basis of dental and skull characters, suggested that Hadromys was an Asian relative of the mainly African Arvicanthis division. That interpretation was challenged by Musser (1987) , who suggested that similarities of molar structures between that genus and the African Arvicanthis group may have resulted from convergent evolution. This taxon, which does not occur today in Thailand, has been discovered as fossil in several middle Pleistocene localities in Thailand, distributed geographically as far north as Lamphang Province and as far south as Songkla Province. We describe these discoveries, compare our fossils with extant species, discuss the significance of distributional changes that occurred during evolution of that taxon in Thailand, and suggest that these changes are related to climatic changes that occurred in Southeast Asia during the Pleistocene.
EXTANT HADROMYS
Information concerning natural history of Hadromys comes from a small area of the Imphal region of Manipur, India, at elevations between 1,150 and 1,320 m. H. humei is associated there with tropical and subtropical monsoon habitats in oak parkland. It lives ''in scrub like scattered oak trees on dry hillsides covered by tall grasses'' (Musser 1987:5). The soil is loamy and rocky, and it has little humus. One analysis of stomach contents indicated the presence of finely cut grass leaves (Musser 1987) . Morphological characters of living Hadromys have been listed by Musser (1987) .
FOSSIL HADROMYS
The fossil record of Hadromys is limited. The 1st known fossil was described by Musser (1987) (Fig. 1) . In the most accurately dated locality, main layer of Snake Cave, fossil Hadromys was associated with a large mammal fauna that characterized the Stegodon-Ailuropoda zone of middle Pleistocene, and the fossiliferous deposit was overlain by a calcite dated by the U/Th method of 137,000 years ago (Esposito et al. 1998) . Other localities showed similar faunal composition to that of Snake Cave and were, therefore, also dated as middle Pleistocene (Chaimanee 1998) .
Materials.-Material consisted exclusively of isolated molars. Recent specimens used for comparative analysis were those from collections of the British Museum (Natural History), London (Table 1) .
Molar characters.-The molar crown of fossil H. humei is elevated, and the occlusal pattern of upper molars shows strong coalescence of cusps of the 2nd and 3rd laminae on M1 and M2 and high number of roots. The m1 has laminated chevrons and no anterocentral cusp; M1 has elevated crown, and its cusps converge toward the apex. It also shows an oblique longitudinal symmetry axis relative to the tooth row. The almond-like outline of M1 also is characteristic. Upper molars are broad, and cusps are inclined backward. The M1 broadly overlaps with M2; the same occurs between M2 and M3. Neither cusp t7 nor posterior cingulum are present. Cusp t9 is reduced. In worn teeth, this cusp becomes crestiform and joins t6, reinforcing the 2nd and 3rd laminae. Root number of this genus also is strikingly different from that of other Asian murines. The M1 has 5-6 roots. The M2 has lost t3 and shows a crest that connects t6 to t8; this molar has 6 roots. In worn teeth, t4 and t6 are connected to t8 by crests, which strengthen the 2nd and 3rd lamina on M1 and M2. Lower molars are rather broad, and m1 is short and has no anterocentral cusp. The anterior part is narrow, but the posterior part is rather wide. Lingual cusps are situated more mesially than the labials, producing oblique lamina. Cv5 is present. The posterior cingulum is small. The m2 has an anterolabial cusp and a Cv5. Its posterior cingulum is stronger than that of m1. The m1 and m2 have 3 roots. The high coronal elevation of molars and their occlusal surface, more laminar than cuspidate, usually are characteristics of grazing rodents.
Molar characters of fossils from Thailand (Fig. 2) .-Nomenclature used for description of morphology of molars is a combination of those proposed by Misonne (1969) and Musser (1987) . M1 is rather broad with an almond-shaped outline and distally bent cusps. There is no t7 or posterior cingulum. The central cusps are much wider than the lateral ones. On the 1st row, cusp t1 is separated from t2 by a narrow but distinct valley and is slightly distal to it. Cusp t3 is reduced and is nearly at the same level as t2. Both are separated by a shallow valley. Cusps t4 and t6 on the 2nd row are on the same level and situated more distally than t5. Cusp t8 is large and dominates the 3rd row. Cusp t9 is reduced, crestiform, and connected to t6. On worn molars, cusps t3, t4, and t6 show distal incipient stephanodont crests, connecting t3 to t6, t4 to t8, and t6 to t9. Such stephanodont crests strengthen the posterior part of the tooth. These connections appear during wear on the labial side before the lingual side. In lateral view, M1 and M2 of H. humei show an elevated crown, with the valley separating the different cusps ending before the dentine-enamel limit. Such an elevated crown can be described as semi- hypsodonty or coronal hypsodonty (Musser 1987) . This character, combined with those of the occlusal surfaces of the molars, usually is present on molars of highly specialized grazing Murinae, which led Musser (1987) to conclude that H. humei was a murine counterpart of an arvicoline. This molar has 5-6 roots: 1 large anterior, 2 lingual, and 2 labial. In some specimens, there is a small additional posterior root. M2 is broad. Cusp t1 is rounded and prominent, and t3 is absent. Cusps t4, t5, and t6 are fused together as a lamina. No distinct valleys separate these cusps. Cusp t8 is large, and t9 is more reduced than on M1. On worn teeth, t4 and t6 are strongly connected to t8 by 2 strong distal crests. There are 6 roots: large anterolingual, anterolabial, and posterolingual, 2 small posterolabial, and a small labial.
The m1 has a narrow anterior part without anterocentral cusp. Its distal end is rather broad, and main cusps are arranged into laminated chevrons. Lingual cusps are more mesial than labial cusps. On the 1st lamina, the anterolingual cusp is fused with the anterolabial cusp to make an oblique lamina. A small cingulum unites the anterolabial cusp to the protoconid. The posterior cingulum is distinct but reduced and low. Cv5 is present and connected to the posterior chevron. Three roots are present: 1 large anterior, 1 transverse posterior, and 1 small labial root. The m2 is broad and short. The main cusps are fused into laminae. Anterolabial cusp is present and also Cv5 and posterior cingulum. Three roots are present: 2 anterior and 1 large posterior root.
Comparison of Thailand fossil with extant Hadromys humei.-Molars show all characteristics of extant H. humei, and there can be no doubt about their attribution to that species. Some differences have been observed; valleys between t2 and t3 of M1-M2 are deeper in fossil specimens than those of extant species. When comparing samples from different localities in Thailand, in the M1 of Khao Panam and Khao Rupchang localities, the 1st row is connected to the 2nd row by stephanodont crests issued from t3 and t6, and the 2nd row is connected to the 3rd row by stephanodont crests issued from t4 and t6. The stephanodont crest on t3 of M1 never ap-pear in other localities. Cusp t3 of M1 of Khao Panam and Khao Rupchang also are more reduced. The molar cusps are fused together more strongly than those from Snake Cave. All these differences can be attributed to intraspecific variation or microevolutionary differences induced by the time range that separates some of these middle Pleistocene localities.
DISCUSSION

Misonne (1969) referred Hadromys to his
Arvicanthis division on the basis of molar characters; molars are broad, t1 and t4 are large, posterior cingulum is absent or nearly absent on M1, M3 is enlarged, t9 is mesial, m1 has Cv5, posterior cingulum is small on m1 and larger on m2, and molars are strongly laminated when worn. He also suggested that Hadromys may be closest to Golunda, Dasymys, and Arvicanthis. Musser (1987) discussed phylogenetic affinities of Hadromys and suggested that this genus could have been derived independently in Asia from a late Miocene ancestor, possibly a species of Karnimata, and suggested that the resemblance to the Arvicanthis group was the result of convergent evolution. Musser (1987) identified H. loujacobsi as a fossil representative of this genus, formerly described under cf. Rattus (Jacobs 1978) . This early Pleistocene fossil from Siwaliks is younger than 1.66 ϫ 10 6 years ago. It has been found in association with Golunda kelleri (similar to G. ellioti), Mus (similar to M. booduga), and ?Millardia (similar to M. kathleenae). H. loujacobsi has longer and broader molars than extant H. humei. Cusps on 1st and 2nd lamina of M1 are aligned next to one another, so they are less arcuate than in extant H. humei. Cusp t9 of H. loujacobsi is large and distinct. It shows no connections with t6. The fossil from Siwaliks shows only 4 roots with a large anterior root, 1 large posterior, 1 small labial, and 1 large lingual root. This fossil also has a more elevated crown and cusps than H. humei. On this character only, it can be excluded as an ancestor of H. humei and rather corresponds to a sister group, which already had developed highcrowned molars during the lower Pleistocene.
Hadromys loujacobsi is, therefore, more derived for some characters than the fossil from Thailand. Coronal elevation is much stronger, and the anterior cusps of M1 and m1 are nearly straight as in extant H. humei. It also is characterized by occurrence of a rather large t9 on M1 and M2, which is a primitive character not present on fossils from Thailand. The evolutionary tendency of this group on the upper molar are, therefore, coronal elevation, reduction of valleys separating the main cusps, straightness of the 1st lamina, reduction of t9, and development of a distal stephanodont crest on t3. On the lower molars, the anterolabial cusp becomes connected to the anterolingual cusp, and the metaconid becomes more transverse, producing oblique lamina.
Recently, we described a new Hadromysrelated fossil from the late Pliocene to early Pleistocene of central Thailand (Chaimanee 1998 ) that would represent a potential ancestor of Hadromys. This indicates that this group of Murinae formerly was more diversified in Thailand and that Thailand may have been its area of origin and evolution. The present distribution of H. humei appears as relictual.
PALEOENVIRONMENTAL IMPLICATIONS
Hadromys is a terrestrial herbivorous rat living today in rather dry areas where grassland predominates at 900-1,300 m elevation. It is hazardous to extrapolate these data to an extinct population. Because of morphological resemblance between living and extinct populations, fossil Hadromys from Thailand reasonably can be suspected to have been living in similar conditions during the middle Pleistocene with a grassdominated diet and a cooler and drier climate. On the basis of distribution of plants in southeastern Asia (Meijer 1982; Van Steenis 1936a , 1936b , 1936c Van Steenis and Schippers-Lammertse 1965) and on the basis of palynological data (van der Kaars and Dam 1995), it has been proposed that during glacial periods, the climate of southeastern Asia was cooler and drier than present. Isotopic data from the oceans (Shackleton et al. 1984) indicate that the middle Pleistocene was dominated by glacial periods interrupted by short interglacial periods. During these glacial periods, the drop in sea level of 140 m (Bard et al. 1990 ) connected all present-day islands to mainland Southeast Asia into a big continental landmass called Sundaland (Medway 1972; Verstappen 1975 ), the central part of which was so far from the eastern and western monsoon rains that it became a savanna corridor allowing dispersal of northern dry plants to the south (Ashton 1972; Morley and Flenley 1987) . New data relative to the southern extension of H. humei indicate that grazing species of rodents also extended their range southward, following the changes in distribution of plants.
In conclusion, the fossil record indicates that H. humei was distributed widely during the middle Pleistocene. Its southern limit extended to Songkla Province in peninsular Thailand at the Thai-Malay border, farther south than the present-day Kra Isthmus (Lekagul and McNeely 1977) , suggesting a wide distribution over southeastern Asia. This is suggestive of a different climate and vegetation cover during the middle Pleistocene, allowing H. humei to extend its distribution southward. Analysis of fossil rodent communities (Chaimanee 1998) indicates a predominance of evergreen forests with patches of grasslands for the middle Pleistocene of Thailand but with significatively lower temperature and humidity than today. Grassland was developed during the late Pliocene to early Pleistocene when an ancestor of Hadromys occurred together with other grazing Murinae in central Thailand (Chaimanee 1998 
